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® Method and apparatus for Inserting a def ibriilator electrode and defibrillator electrode. 



@ A novel defibrillator electrode assembly is provided, com- 
prising a length of titanium mesh connected at a first end to an 
insulated wire and preferably having one or more barbs at the 
second end, the whole being contained within a cannula with a 
flattened end having slots to accommodate the barbs. The as- 



sembly is inserted, flattened end first, by way of an endoscope 
into the abdominal cavity and through an incision in the dia- 
phragm/pericardium membrane into the pericardial sac and 
adjacent the epicardium, after which the cannula is withdrawn, 
leaving the electrode in place. 
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pericardium. The barbs do not engage tissue on 
insertion, but upon withdrawal of the cannula, the barbs 
on the electrode secure the electrode in position. 

The accompanying drawings illustrate the 
invention and show preferred embodiments exemplifying 
the best mode of carrying out the invention as presently 
perceived. In such drawings: 

Fig. 1 is a plan view of an electrode useful 
in the present invention; 

Fig. 2 is an enlarged view in longitudinal 
cross section of the electrode of Fig. 1 at line 2-2; 

Fig. 3 is a plan view of a cannula useful in 
the present invention; 

. Figs. 4 and 5 are cross-sectional views of the 
cannula of Fig. 3 at lines 4-4 and 5-5, respectively; 

Fig. 6 is a longitudinal cross-sectional 
enlarged view of the cannula of Fig. 3 showing the 
electrode of Fig. 1 in place therein; 

Fig. 7 is a frontal view of the human heart, 
partly in lateral cross section, showing an endoscope 
inserted through the abdomen with the cannula-electrode 
assembly of Fig. 6 in place in the pericardial space on 
the right side of the heart; 

Fig. 8 is the same view as Fig. 7, with the 
cannula-electrode assembly of Fig. 6 in place in the 
pericardial space on the left side of the heart; and 

Fig. 9 is the same view as Fig. 8, with the 
cannula and the endoscope removed, leaving the 
electrodes in place in the right and. left pericardial 
spaces. . 

The electrode 10 of Fig. 1 is illustrated as a 
rectangular screen, suitably of convenient mesh-size for 
flexibility, measuring, for example, around 10 mm in 
width and 7 cm in length. Other shapes and forms may be 
used, if desired, such as a flexible, conducting ribbon. 
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The. screen form is preferred, however, since, when 
inserted into the pericardial space, it undergoes tissue 
ingrowth and quickly becomes fixed in place. As an aid 
to implantation, the electrode 10 may desirably have one 
5 or more barbs 11 near its end 12 (the distal end as 
installed) on the side facing the pericardium, with 
their points (13 in Fig. 2) extending proximally, so 
that the electrode, when pushed into place, becomes, 
affixed to the pericardium by a reverse motion, such as 

10 the withdrawal of the cannula as described below. 

Orientation of the barbs toward the heart should, of 
course, be avoided, since they would cause bleeding upon 
penetrating the heart wall, whereas they are less likely 
to cause a problem in penetrating the pericardium, which 

15 contains very few blood vessels. The electrode is 

suitably made of a conductive material that is inert to 
the body tissues, suitably stainless steel, tantalum, 
conductive plastic, or the like, preferably titanium. 
To the proximal end 14 of the electrode is attached an 

20 insulated lead wire 15, the insulation being suitably 

polyur ethane, silicone, or other known tissue-compatible 
insulating materials. Similar lead wires are 
conventionally employed in implantable cardiac 
pacemakers, although in this instance the insulation 

25 must be designed for the higher voltages employed in 
defibrillation. 

The size of the electrode represents a 
trade-off between the desired current density and the 
voltage to be employed. The use of an electrode of 

30 small area limits the voltage that can be applied to 
defibrillate owing to the risk of damaging the tissue 
beneath the electrode because of high current density. 
Moreover, large electrodes provide better distribution 
of current throughout the ventricles than small 

35 electrodes. On the other hand, the larger the electrode 
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area, the more cumbersome it is to implant. A balancing 
of these factors is necessary. We find that the average 
current density should be between about 0.5 and about 
1.5 ampere per sguare centimeter, preferably "about one 
5 ampere per square centimeter. Suitable voltages range 
from about 200 to about 600 volts. Preferred voltage 
and current depend on implantable generator design. The 
electrode size may lie between about 5 and about 20 
square centimeters, and the length-to-width ratio may be 

10 between about 2.5 and 10. 

The voltages employed with our improved 
electrodes are substantially smaller than those required 
with the smaller prior art endocardial electrodes and 
catheter-based electrodes, the latter two typically 

15 using 1500 volts for an electrode area of 1.25 square 
centimeters. With our electrodes, the insulation 
requirements are less exacting and a smaller pulse 
generator can be used, allowing for easier implantation. 
In all cases, the def ibr illat ing voltage is applied as a 

20 short pulse, ordinarily of the order of 2 to 5 
milliseconds . 

Fig. 2 illustrates the electrode 10 of Fig. 1 
in longitudinal cross section at line 2-2, showing barb 
11 near distal end 12 with barb 13 pointing proximally. 

25 Fig. 3 illustrates a cannula 30 suitable for inserting 
the electrodes of the present invention into the 
epicard ial-per icardial space. The device is a tube, 
flattened at its distal end 31 and optionally flattened 
to some extent at its proximal end 32. (See 

30 cross-sectional views at lines 4-4, Fig. 4, and 5-5, 

Fig. 5, respectively). Slots 33 are provided in distal 
end 31 to accommodate and at least partially cover barbs 
11 during insertion and to allow subsequent withdrawal 
of the cannula. Distal end 31 is of a length to 

35 accommodate electrode 10. 
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Fig. 6 shows cannula 30 in longitudinal cross 
section with electrode 10 lying in position within it f 
barbs 11 protruding slightly from slots 33 and lead wire 
15 protruding from proximal end 32. 

Cannula 30 can suitably be made of any 
substance that is compatible in the short term with 
tissue, stiff enough to be inserted through an endoscope 
into the pericardial space, and flexible enough for the 
electrode-bearing end to conform to the epicardial 
surface. Suitable substances include polyethylene, 
silicone, and polyether urethane. 

The insertion and implantation of our novel 
electrode are shown in Figs. 7, 8, and 9. 

Fig. 7 is a view, partly in section, of the 
heart 70 showing the outer surface. 71 of the heart (the 
epicardium) , the outer sac 72 enclosing the heart (the 
pericardium) , the pericardial space 73 lying between 
them, the diaphragm 74 separating the thorax from the 
abdomen, the pericardium-diaphragm juncture 75 at which 
the two fuse into a single membrane, and an endoscope 76 
having its distal end resting against membrane 75 
beneath the heart. The endoscope is of conventional 
design having two barrels, one fitted with a light and 
optical means for observation, and the other open for 
insertion of operating devices. The endoscope is 
inserted into the abdominal cavity through an incision 
in the abdominal wall and is moved upward and rested 
against membrane 75 at a point beneath the left central 
portion of the heart. A knife is inserted through the 
operating barrel and an incision is made in membrane 75 
of a size to admit the distal end 31 of cannula 30. The 
knife is withdrawn and cannula 30, with electrode 10 and 
lead wire 15 in place, is inserted through the operating 
barrel and pushed forward, being diverted to the right 
by deflector 77 and upward into the pericardial space on 
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the right side of the heart as shown in Fig. 7. In this 
position, barbs 11 hook into the wall of the pericardium 
and retain electrode 10 in place when cannula 30 is 
withdrawn, as shown in Fig. 8. 

A second electrode is implanted on the left 
side of the heart according to the same procedure, the 
endoscope being rotated 180° to cause deflector 77 to 
divert cannula 30 and electrode 10 toward the left side 
of the heart as shown in Fig. 8. 

With the electrodes in place as shown in 
Fig. 9, a pulse generator and control unit (which are of 
known design) are implanted in a known way under the 
skin, usually of the abdomen or chest, and are connected 
internally to the lead wires 15. The device is then 
15 ready to function. Sensing devices in the control unit 
detect the onset of fibrillation and apply the necessary 
control pulses to the implanted electrodes, thereby 
restoring the normal heartbeat. 

While we have described the invention with 
reference to certain specific embodiments, such 
embodiments are set forth as illustrative only and not 
by way of limitation. Numerous modifications will be 
apparent to those skilled in the art without departing 
from the spirit of the invention. 
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CLAIMS 

!• A method for inserting a defibrillator 

electrode between the heart and the pericardium 
which comprises inserting ah endoscope through the 
abdominal wall into the abdominal cavity to a point 
adjacent the diaphragm and immediately beneath the 
heart, making an incision through the diaphragm and 
the pericardium with a knife introduced through the 
endoscope, withdrawing the knife, inserting through 
the endoscope and through the incision into the region 
between the epicardium and the pericardium an 
open-ended cannula bearing in its distal end a 
defibrillator electrode connected to an insulated wire 
extending backward to and emerging from the proximal 
end of the cannula, withdrawing the cannula while 
leaving the electrode in place, and withdrawing the 
endoscope * 

2 » The method of claim 1 wherein said 

defibrillator electrode includes one or more barbs near 
20 its distal end adapted to catch into the pericardium. 

3- The method of claim 1 wherein said 

defibrillator electrode is made of titanium mesh. 

25 4 * The method of claim 1 wherein said cannula is 

flattened and widened at its distal end to accommodate 
said defibrillator electrode. 

5. The method of claim 1 wherein two 

30 defibrillator electrodes are positioned laterally on 
opposite sides of the heart between the epicardium and 
the pericardium. 
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6 - A cannula assembly adapted for inserting a 

defibrillator electrode (10) between the epicardium 
and the pericardium, which comprises a cannula (30) 
flattened and widened at its distal end (31) to 
accommodate a defibrillator electrode (10), a 
defibrillator electrode (10) within said distal end 
(31) having one or more barbs (11) at its distal end 
(12) with points (13) directed proximally and resting 
in slots (33) in said cannula (30), and an insulated 
wire (15) connected to the proximal end (14) of said 
defibrillator electrode (10) and extending backward 
to and emerging from the proximal end (32) of said 
cannula (30) . 

7 " A defibrillator electrode (10) assembly 

comprising a portion of titanium mesh between about 
5 cm and about 9 cm in length, and about 8 mm and 
about 20 mm in width, having one or more barbs (11) 
attached at one end with points (13) directed toward 
the body of the electrode (10), and an insulated wire 
(15) attached at the opposite end (14). 

8 - An apparatus for inserting a defibrillator 

electrode (10) between the heart and the pericardium 
which comprises an endoscope for insertion through 
the abdominal wall into the abdominal cavity to a 
point adjacent the diaphragm and immediately beneath 
the heart, a knife introduced and withdrawn through 
the endoscope for making an incision through the 
diaphragm and the pericardium, an open-ended cannula 
(30) for insertion through the endoscope and through 
the incision into the region between the epicardium 
and the pericardium, the open-ended cannula (30) 
bearing in its distal end (31) a defibrillator electrode 
(10) connected to an insulated wire (15) extending 
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backward to and emerging from the proximal end (32) 
of the cannula (30), and means (11) for affixing the 
defibrillator electrode (10) to the pericardium 
leaving the electrode (10) in place when the cannula 
(30) and endoscope are withdrawn. 

9. The apparatus of claim 8 wherein the 
electode (10) affixing means includes one or more 
barbs (11) near the distal end (12) of the electrode 
(10) adapted to catch into the pericardium. 

10. The apparatus of claim 8 wherein said 
defibrillator electrode (10) is made of titanium 
mesh. 

11. The apparatus of claim 8 wherein said 
cannula (30) is flattened and widened at its distal 
end (31) to accomodate said defibrillator electrode 
(10) . 
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